cells at 2,000 x g for 5 minutes, the pellet was resuspended in 0.7 ml of PBS (w/ 0.04% BSA) 1 4 0 and then used to prepare scRNA-seq libraries. To verify that collagenase digestion efficiently 1 4 1 removed cells from the endosteal bone surface, the bones were fixed in 10% formalin, 1 4 2 decalcified with 10% EDTA, processed and embedded in paraffin, sectioned and stained with 1 4 3 hematoxylin and eosin (H&E), and compared to similar sections from bones that had been placed 1 4 4
in PBS ( Supplementary Figure 3) . We used the Chromium Single Cell 3' system (10X Genomics, Pleasanton, CA) to capture and 1 4 8 sequence single cell mRNA, following the manufacturer's instructions. We loaded ~10,000 cells We observed that freshly isolated calvarial osteoblasts had different transcriptomes from those 2 6 5 of cultured calvarial osteoblasts (Figure 2a ). This led us to determine whether there may also be 2 6 6 differences between freshly isolated osteoblasts from calvaria and cortical long bone. Each scRNA-seq library contained clusters of cells that expressed low or high levels of Bglap, which 2 6 8 we used to define early and late stage osteoblasts, respectively. When we compared the 2 6 9 transcriptomes of osteoblasts from calvaria and long bone, we found a strong concordance 2 7 0 ( Figure 5 ). which we recovered different cell types and to determine whether gene expression within a cell 2 7 5 type correlated between animals. We observed that the relative proportions of cell types were 2 7 6 similar across all animals and there was a high Pearson correlation coefficient between the 2 7 7 transcriptomes of each cluster across animals ( Supplementary Figure 4 ). The only exceptions to 2 7 8 these observations are for clusters #19 and #21 where lower correlations across samples were 2 7 9 observed (R 2 range: 0.37-0.79), likely due to the low number of cells (<90 cells) that were 2 8 0 contained in these clusters. Although we only had 2 samples to compare for the freshly obtained 2 8 1 calvarial cells, these samples also were closely matched, and we calculated high Pearson 2 8 2 correlation coefficients when transcriptomes of each cluster were compared between samples. Using whole tissue RNA-seq, we had previously identified a set of transcripts, whose 2 8 6 abundances were dramatically elevated when long bone tissue was exposed to collagenase [28] .
8 7
These transcripts included Fos, Fosb, Jun, Il6, possibly indicating a stress response. When we 2 8 8 interrogated our scRNA-seq data, we found that these stress response transcripts were at low or 2 8 9 undetectable levels ( Supplementary Figures 6 and 7 , Supplementary Table 1 ). We infer that the 2 9 0 cells expressing these stress-response transcripts were not sampled by scRNA-seq, most likely 2 9 1 because cells that remained embedded express these transcripts. Single cell RNA-seq can identify discrete cell types in cultured cells and in complex tissues, 2 9 6 based on each individual cell's transcriptome. The ability to interrogate the transcriptomes of 2 9 7 large numbers of individual cells has led to the discovery of previously unrecognized cell types 2 9 8 [8, 9] and has detected changes in cellular diversity in response to genetic or environmental 2 9 9 perturbation[37-39]. Recovering individual cells from skeletal tissue is more challenging than 3 0 0 from cultured cells or from other tissues whose cells can be easily separated by brief digestion 3 0 1 and/or physical disruption. For this reason, in vitro studies of osteoblast differentiation and 3 0 2 mineralization typically expand cells in culture and then chemically induce matrix 3 0 3 mineralization [15, 16] . In order to study freshly isolated osteoblasts or their precursors, skeletal 3 0 4 tissues need to be subjected to sequential enzymatic digestions for an hour or longer [14, 15, 40] . We employed scRNA-seq to assess similarities and differences between osteoblasts that were 3 0 6 freshly obtained from calvaria versus long bone endocortices, between fresh calvarial cells and 3 0 7
those that had been expanded in culture, and between long bone endocortical cells from PBS- and SclAbIII-treated animals. We observed greater enrichment for osteoblasts that had been 3 0 9
freshly isolated from calvaria compared to those that had been freshly isolated from long bone 3 1 0 endocortices. More than 40% of calvarial cells had transcriptomes expected of osteoblasts, but 3 1 1 only 7% of endocortical cells exhibited these profiles (Figures 2a and 3a) . Reassuringly, 3 1 2 however, the transcriptomes of freshly isolated calvarial and endocortical osteoblasts were highly 3 1 3 similar, suggesting that osteoblast precursors converge to a shared transcriptional phenotype 3 1 4
during differentiation, regardless of their origin ( Figure 5 ). Although we cannot exclude the 3 1 5 possibility that many of these similarities are solely due to collagenase induced transcription, we 3 1 6 think this is unlikely since most of the transcripts used to define these cells as osteoblasts are 3 1 7 present in cortical bone bulk RNA-seq data and are seen in osteoblasts in situ [28] . Finally, we Calvarial cells collected after 120 minutes (i.e. 8 cycles) of enzymatic digestion from P4 mice Ptprc/Cd45, Cd68 and Csf1r. However, after we expanded the calvarial cells in culture and 3 2 5
induced differentiation, we found that 34% of the cells were macrophages (clusters #0 and #6). Our results are consistent with those of Chang et al., who describe a population of cells they 3 2 7
termed "osteomacs," which accounted for ~16% of freshly collected calvarial cells and a mediator of signaling between osteoblasts and osteomacs [42, 43] ; consistent with this model,
Csf1 and Csf1r expression distinctly mark cells we transcriptionally identified as osteoblasts and Although we previously used bulk RNA-seq of cortical bone to observe significant increases 3 3 8
in transcripts associated with bone anabolism in mice given a short course of SclAbIII [29], we 3 3 9
did not observe an increase using scRNA-seq in our long bone endocortical samples. Several Figure 10 ). Therefore, we likely sampled too few mice to be able to antibody for our bulk RNA-seq studies but only 2 doses for the scRNA-seq study. Finally, our 3 4 8 scRNA-seq data was derived primarily from isolated osteoblasts, whereas the bulk RNA-seq data 3 4 9
was derived from specimens containing osteocytes.
3 5 0
In conclusion, we have employed scRNA-seq to show that freshly recovered osteoblasts from when expanded and differentiated in vitro, and that scRNA-seq is not yet as sensitive for 
